tenfels (1987) from the keys presented by Gibbons and Khalil (1982) considered a broader array of characters and 2 rather than 3 major lineages were recognized. An evaluation of these hypotheses revealed concepts of relationships among taxa that were developed from assessments of single characters, overall morphological similarity, or unique combinations of shared primitive characters. Although each of the subfamilies was recognized, the reliability of conclusions about phylogeny of the trichostrongylids and relationships among the subfamilies were equivocal (Jansen, 1989; Hoberg and Lichtenfels, 1992; Hoberg et al., 1993b).
In the present study, phylogenetic analyses (Hennig, 1966; Wiley, 1981) of the Trichostrongylidae were initiated to: (1) test monophyly of the family; (2) assess relationships among the subfamilies; (3) define the relationship of the Ostertagiinae and Graphidiinae (see Hoberg et al., 1993b); (4) consider the implications of subfamily phylogeny for trends in character evolution; and (5) begin preliminary assessments of host, habitat, and biogeographic associations of parasites. Results of this study provide the first phylogenetic systematic analysis of the Trichostrongylidae, as an extension of the seminal research of Chabaud (1959), Durette-Desset and Chabaud (1977, 1981) , Gibbons and Khalil (1982) , and Durette-Desset (1983, 1985, 1992) . In as much as systematics forms the foundation for predictive hypotheses, assessment of the phylogenetic relationships of the trichostrongylids at the subfamilial level can form the infrastructure for a more refined understanding of nematode behavior, parasite-host coevolution, and biogeography. 1  1  1  1  1  1  2  2  2  Subfamily  1  2  3  4  5  6  7  8  9  0  1  2  3  4  5  6  7  8  9  0 (1993b, 1993c) . Some characters were found to be variable within in-group taxa. In such cases where both the plesiomorphic and apomorphic condition were present, given characters were coded as apomorphic for the subfamily to recognize the acquisition of the derived state in at least some of the in-group genera. This decision influenced coding for 7 characters as follows (with derived state listed first): buccal tooth (character 5-Libyostrongylinae with presence or absence of this attribute); form of the bursa (character 12-Cooperiinae with both 1-3-1 and 2-3; character 13--Ostertagiinae with both 2-2-1 and 2-1-2); dorsal lobe (character 17--Ostertagiinae with reduced and long dorsal lobe); spicule length (character 18--Ostertagiinae and the Haemonchinae with long and short spicules); dorsal ray symmetry (character 21--Ostertagiinae and Haemonchinae with asymmetric and symmetric dorsal lobes); vulval flap (character 22-Cooperiinae, Ostertagiinae, and Haemonchinae, presence or absence of flaps). Potential influence on the topology of cladogram(s) due to these decisions for coding of variable characters was examined with an alternate matrix in which character states as presented above were coded as plesiomorphic.
MATERIALS AND METHODS

Phylogenetic analysis (Hennig
Five multistate characters were split into independent transformation series and recoded as binary characters (see Glen and Brooks, 1985) to account for derivation of some character states as follows: cephalic vesicle (characters 2, 3), synlophe, number of ridges (9, 10), bursa form (12, 13), "7" papillae (15, 16), and bursal rays 2 and 3 (19, 20).
A summary of the 22 homologous series, representing 23 character states, is presented below and in a numerical character matrix (Table I) . Plesiomorphic states are coded as 0, apomorphic as 1 or 2. Characters have been illustrated to depict the plesiomorphic and apomorphic state for each attribute (Figs. 1-14) .
Phylogenetic analysis was conducted with PAUP version 2.4 (Swofford, 1985 Host habitat (localization in the host), host associations, and geographic distributions ofsubfamilial taxa were examined by mapping these data onto the parasite phylogeny produced in the current study.
RESULTS Characters
1) Body length of male. Three states: 0 = relatively long (consistently >10 mm); 1 = medium in length (generally 6-10 mm); 2 = minuscule (typically <5 mm).
2, 3) Cephalic vesicle (presence and structure) (Fig. 1) . The structure of the cephalic vesicle is variable within the Trichostrongylidae and was split into 2 independent transformation series (see Glen and Brooks, 1985) . It is represented by a well-developed large cephalic and cervical expansion demarcated from the body in the Cooperiinae (and most outgroups) (0, 0) (Fig. la) . A reduced, poorly developed cephalic and cervical expansion is characteristic of the Ostertagiinae, Graphidiinae, and Haemonchinae (1, 0) (Fig. ib) , whereas cephalic modification is absent in the Trichostrongylinae and Libyostrongylinae (0, 1) (Fig. Ic) . Character 2. Two states: 0 = well developed; 1 = reduced. Character 3. Two states: O = well developed; I = absent. 4) Buccal cavity (Fig. 2) . Two states: 0 = present; 1 = present, poorly developed. 5) Buccal tooth (Fig. 3) . Two states: 0 = absent; 1 = present (considered to include the "neodont" of Durette-Desset, 1985). 6) Cervical papillae (form) (Fig. 4) . Two states: 0 = sensilla-like, often situated in a pit; 1 = large, thornlike, often triangular, projecting from body surface. 7) Excretory pore ( 9, 10) Synlophe (number of ridges) (Fig. 7) . Split into independent series, the synlophe may be composed of relatively few ridges as in the Cooperiinae (0, 0) (Fig. 7a) , may be composed of a high number of ridges as in the Haemonchinae, Ostertagiinae, and Graphidiinae (0, 1) (Fig. 7b) , or may be reduced or absent as in the Libyostrongylinae and Trichostrongylinae (1, 0) (Fig. 7c) . Character 9. Two states: 0 = low number; 1 = high number. Character 10. Two states: 0 = low number; 1 = absent or reduced. 11) Synlophe (ridge height). Two states: 0 = ridges of near equal height; 1 = lateral ridges or lateralmost ridge substantially smaller than those in the dorsal and ventral fields. 12, 13) Bursa (form and type) (Fig. 8) . Among outgroups, the bursa may be 2-1-2 or 2-3 (e.g., Strongyloidea and Molineidae); derived states are represented by 1-3-1 (Trichostrongylinae, Libyostrongylinae, and Cooperiinae with a limited number of genera of the latter with 2-3) or 2-2-1 (Ostertagiinae and only among a limited number ofheligmosomes). This multistate character was split to recognize the potential of independent origin of derived states for the form of the bursa: the bursa may be 2-3 or 2-1-2 (0, 0) (Fig. 8a, b) , 1-3-1 (1, 0) (Fig. 8c) , or 2-2-1 (0, 1) (Fig. 8d) . Character 12. Two states: 0 = 2-3 or 2-1-2; 1 = 1-3-1. Character 13. Two states: 0 = 2-3 or 2-1-2; 1 = 2-2-1. 14) Ventral raylet or "0" papilla (structure) (Fig. 9) . Two states: 0 = single papilla (Fig. 9a,   b) ; 1 = paired papillae (Fig. 9c) 15, 16) Dorsal raylets or "7" papillae and the accessory bursal membrane (Fig. 9) . Split into independent transformation series, the "7" papillae may be papilliform with a reduced membrane (0, 0) (Fig. 9a) , elongate and well-developed supporting a prominent accessory bursal membrane (1, 0) (Fig. 9c) , or with a highly modified membrane (0, 1) (Fig. 9d) (Fig. 12) . Split into independent transformation series, the tips of rays 2 and 3 may be equal in length and parallel (0, 0) (Fig. 12a) , ray 2 may be less in length than ray 3 with the tips being convergent (1, 0) (Fig. 12c) , or ray 2 may be shorter than ray 3 with the tips being divergent (0, 1) (Fig. 12b) Monophyly for the Trichostrongylidae is supported by 2 synapomorphies (defined by reference to taxonomic outgroups): the length of ray 4 of the copulatory bursa (Fig. 13) and the absence (putative secondary loss) of the tail spine in the female (Fig. 14) , both largely consistent characters that were excluded from the analysis. With respect to a long ray 4, this attribute is present among all subfamilies, although in a limited number of the Ostertagiinae this ray is short (e.g., Spiculopteragia [Orloff, 1933] , Mazamastrongylus Cameron, 1935, Rinadia Grigorian, 1951, and Apteragia Jansen, 1958). Thus, with the presence of both apomorphic and plesiomorphic states for this character in the Ostertagiinae (and coding as apomorphic for the genus), the character may be interpreted as undergoing a reversal among a limited number of genera in this taxon. This is compatible with a secondary reduction in the length of the 4th ray, whereas all other genera of the Ostertagiinae (see Gibbons and Khalil 1982; Durette-Desset 1983, 1989; Jansen, 1989) have the synapomorphic condition that defines the family Trichostrongylidae.
Two major clades sharing a sister-group relationship were recognized within the Trichostrongylidae (Fig. 15) . The Cooperiinae clade (the basal Cooperiinae and the Libyostrongylinae + Trichostrongylinae) and the Graphidiinae clade (the basal Graphidiinae and the Ostertagiinae + Haemonchinae) were each defined by 4 synapomorphies. Considering the Cooperiinae clade, a 1-3-1 bursa (character 12) unequivocally defines this inclusive group. Additionally, the absence ofa buccal cavity (4), a modified accessory bursal membrane and "7" papillae (16), and convergence of ray 2 and 3 (19) are generally constant within the clade but undergo postulated reversal in the Libyostrongylinae (4) and the Trichostrongylinae (16, 19). The sister-group association within the Cooperiinae clade of the Libyostrongylinae + Trichostrongylinae is supported by 3 synapomorphies: absence of a cephalic vesicle (3) and reduction or absence of the synlophe (8, 10).
In contrast, the Graphidiinae clade is defined by a reduced cephalic vesicle (character 2), thornlike cervical papillae (6), a high number of ridges comprising the synlophe (9), and relatively long spicules ( 
Alternate hypotheses for the Trichostrongylidae
Explicit dendrograms for the relationships of the trichostrongylids, as presented in the literature, were redrawn as cladograms to promote their evaluation with respect to the present phylogeny using the TOPOLOGY function of PAUP (Swofford, 1985) . Characters from the current study were mapped onto these alternative trees and optimized to allow a determination of the efficiency of each of the competing hypotheses. The forced topological comparison (including the CI, HSR, and CIadjusted), based on a single character database, emphasizes putative differences in character evolution and relative support for relationships at the level of subfamilies within the Trichostrongylidae.
The hypothesis developed by Durette-Desset and Chabaud (198 1) and Durette-Desset (1983, 1985) specifies sister-group relationships for 3 distinct lineages (Cooperiinae + Libyostrongylinae; Graphidiinae + Ostertagiinae; and Trichostrongylinae + Haemonchinae) (Fig. 16) versal being required to describe relationships depicted in the tree (Table III) The hypothesis developed by Lichtenfels (1987) was based on morphological studies conducted by Gibbons and Khalil (1982), which resulted in the development of a key for the family. This hypothesis specifies sister-group relationships for 2 distinct lineages (Trichostrongylinae + Libyostrongylinae and Haemonchinae as the sistergroup of the Graphidiinae + Ostertagiinae + Cooperiinae) (Fig. 17) . The resulting cladogram (as a user-defined topology) had a CI = 59.0% (minimum length = 23; steps required = 39); HSR = 95.7% and Cladjusted = 4.0%, indicating minimal phylogenetic information was contained in the hypothesis. Homoplasy was postulated for 15 characters with parallel development in 9 attributes and 6 instances of reversal being required to describe relationships depicted in the tree (Table IV) Homoplasy was not evenly distributed among taxa (Fig. 17) . Specifically, most instances ofparallel development occurred between the Ostertagiinae and Haemonchinae (3 characters: character 5, buccal tooth; 17, dorsal lobe; 21, dorsal ray) and the Cooperiinae with the Trichostrongylinae and the Libyostrongylinae (4 characters: 4, buccal cavity; 12, bursa; 16, "7" papillae; 19, bursa). Among characters with postulated reversal, 4 of 6 were associated with the Cooperiinae (2, cephalic vesicle; 6, cervical papillae; 9, synlophe; 18, spicules).
DISCUSSION
Phylogenetic analysis of the 6 subfamilies of the Trichostrongylidae resulted in a single phylogenetic tree, which allows recognition ofmonophyly for the family (Fig. 15) . Strong character support was evident for each of the subfamilies, and 2 major clades were postulated. Minimal levels of convergence or parallelism (homoplasy) were required to describe the topology of the tree ( Fig. 15; Table II ).
Important diagnostic characters may be recognized for the family and each putative clade. Synapomorphies for the family include the length of the fourth ray of the copulatory bursa and the absence of a tail spine in females (Figs. 13, 14) . The Graphidiinae clade (Graphidiinae and Ostertagiinae + Haemonchinae) is diagnosed by a high number of ridges comprising the synlophe and large protruding, thornlike cervical papillae. Within the Graphidiinae clade, the sister-group relationship of the Haemonchinae and Osterta-giinae is supported by the structure of the dorsal ray and also by the presence of an esophageal tooth and vulval flap. In contrast, the strongly reduced buccal cavity and bursal pattern diagnose the Cooperiinae clade (Cooperiinae and Libyostrongylinae + Trichostrongylinae). Additionally, the extreme reduction or absence of the synlophe further supports recognition of a sister-group relationship for the Trichostrongylinae and Libyostrongylinae.
Before comparing the competing hypotheses for the Trichostrongylidae, the methodological problem of coding polymorphic characters (plesiomorphic versus apomorphic when both states of a character are present) within a supraspecific taxon must be addressed. In such instances, decisions for coding could lead to misinterpretation of relationships. For instance, if a specific character is coded as apomorphic, then the possibility of recognizing secondary reversal within a limited number of taxa is obscured. Conversely, if coded as plesiomorphic, then the application as a synapomorphy at higher levels becomes ambiguous. This situation occurred with respect to the length of the fourth ray of the copulatory bursa in the Ostertagiinae. In the first instance, a long ray would constitute a synapomorphy for the Trichostrongylidae as presented in the current study (with recognition of secondary reversal only in a limited number of genera in the Ostertagiinae). In contrast, a short ray could constitute a plesiomorphy for the Ostertagiinae (interpreted as a secondary reversal for the entire subfamily), thus obscuring acquisition of the derived state in a number of genera.
An alternative interpretation for polymorphism is that the inclusive taxon may not be monophyletic. Limited instances of polymorphism may indicate that some currently recognized subfamilies contain genera that do not belong to the inclusive group. Thus, the necessity of a hierarchical approach where successively lower taxonomic groups are examined is evident. Consequently, if such characters are to be used in phylogenetic reconstruction, complete and accurate definition is requisite. With respect to decisions for other variable characters in the current analysis, coding of states as plesiomorphic or apomorphic did not influence the topology, recognition ofsister-group relationships, or length of the tree. However, it did reduce the number of phylogenetically informative characters from 22 to 19.
Alternative evolutionary hypotheses for the (Figs. 15-17) . Compared to the hypothesis presented herein, these earlier attempts at phylogenetic reconstruction were less efficient in explaining character evolution (Tables II-IV) (Fig. 16) , with most instances occurring between the Ostertagiinae and Haemonchinae and the Trichostrongylinae and the Libyostrongylinae + Cooperiinae. Additionally, the branch with Ostertagiinae + Graphidiinae lacked a defining synapomorphy (Fig. 16) .
The putative relationship of the Ostertagiinae and the Graphidiinae has received considerable attention (Durette-Desset, 1981, 1982b, 1985 Alternative hypotheses for these subfamilies suggested that the Ostertagiinae and Graphidiinae could be sister-groups (sharing a common ancestor; also not supported due to the absence of a synapomorphy for both subfamilies) (Fig.  18B) , or that the Ostertagiinae and Graphidiinae were more closely related to other subfamilies of Trichostrongylidae (Hoberg et al., 1993b) (Fig.  18C) . Resolution of this situation follows from the recognition of putative synapomorphies for the Haemonchinae + Ostertagiinae and unequivocal synapomorphies diagnosing the Ostertagiinae (to the exclusion of the Graphidiinae) presented in the current study (Fig. 15) . Thus, the hypothesis for multiple origins of the Ostertagiinae is refuted, and the Graphidiinae as the basal taxon of the Graphidiinae-clade is postulated as the sister-group for the Haemonchinae + Ostertagiinae (Fig. 15) .
Aside from the putative phylogeny for the Graphidiinae and Ostertagiinae, the current hypothesis for overall relationships of the subfamilies differs considerably from that proposed by Durette-Desset and Chabaud (1981) and Durette-Desset (1985, 1992). The latter hypothesis depicts an implicitly orthogenetic view of evolution (see Brooks and McLennan [1993] for a discussion of the influence of orthogenesis on concepts of parasite evolution). As such, it specifies a primitive and advanced component in each lineage linked by progressive modification or trends in some characters (in this case, parallel trends in evolution of the synlophe and the copulatory bursa).
Consequently, a difference in the proposed mode of evolution may constitute the basis for disparities in these phylogenetic relationships postulated for the Trichostrongylidae. In the hypotheses by Durette-Desset and Chabaud (1977) and Durette- Desset (1982b, 1985) , a strong progressive component is evident within each of the 3 lineages (Libyostrongylinae-Cooperiinae; Trichostrongylinae-Haemonchinae; Graphidiinae-Ostertagiinae), which undergo parallel trends in the evolution of specific characters of the synlophe and bursa (Figs. 15, 16 ; Tables II,  III ofoutgroup comparison) , it was found to be unnecessary to invoke extensive parallelism (for terminal taxa) to explain the evolution of these nematodes. The data matrix applied to the 2 topologies indicates that the current hypothesis is more internally consistent and provides a more efficient explanation for character evolution (Figs. 15, 16 ; Tables II, III) . Thus, the difference in concepts developed for the phylogeny of the subfamilies of the Trichostrongylidae appears to reside not in cladistic methodology, character selection, or character-state polarization, but in the likely mechanisms of evolution.
The relationships presented by Lichtenfels (1987) for 2 major lineages within the Trichostrongylidae also appear to lack strong support (Figs. 15, 17 ; Tables II, IV (1981, 1985) . Two lineages are recognized within the Ostertagiinae, being derived from either Graphidium or Hyostrongylus; under this scenario Ostertagiinae would be polyphyletic and Graphidiinae paraphyletic. 18B. Alternatively, Graphidiinae could be the sister-group of the Ostertagiinae. 18C. Or, these subfamilies could be more closely related to other subfamilies of the Trichostrongylidae. The hypothesis for independent origins of 2 lineages within the Ostertagiinae was refuted by the current analysis, which recognizes Graphidiinae as the sister-group for the Ostertagiinae + Haemonchinae.
bons and Khalil as interpreted by Lichtenfels (1987) was only marginally more efficient than that of Durette-Desset (1983 , 1985 (Tables III,   IV ).
The topology of the current hypothesis and that outlined by Lichtenfels (1987) also differed substantially. In the latter, the basal dichotomy was defined by the presence or absence of the synlophe (Libyostrongylinae + Trichostrongylinae and Haemonchinae + Graphidiinae + Cooperiinae and Ostertagiinae). Although the Haemonchinae, Ostertagiinae, and Graphidiinae were grouped together, this clade also included the Cooperiinae in contrast to the present hypothesis (Figs. 15, 17) . With respect to the data base for the current study, extensive parallelism and reversal is required to describe the topology of the dendrogram presented by Lichtenfels (1987) ( Table IV; Fig. 17) , and thus the hypothesis is not considered to be a reliable estimate of phylogeny for the Trichostrongylidae. The evolution of site selection by trichostrongylids may be evaluated with respect to the parasite phylogeny (Fig. 19) . Mapping and optimization of data for habitat utilization onto the present phylogeny for the subfamilies allows recognition of the intestine as the ancestral habitat for the family. This conclusion is in agreement with Skrjabin et al. (1954) and corroborated with reference to the intestinal distribution of species of Molineidae (within the Trichostrongyloidea), Strongyloidea, and Ancylostomatoidea (outgroups in the current analysis).
Within the Trichostrongylidae, all members of the Graphidiinae clade occur as adults in the stomach or abomasum of the definitive host. The Cooperiinae clade has species that exclusively utilize the intestine (Cooperiinae), or are found in the stomach and intestine (Libyostrongylinae), or the intestine, stomach, or abomasum of the definitive host (Trichostrongylinae). Thus, if the intestine is the putative ancestral habitat, the stomach/abomasum would have been colonized independently on a minimum of 2 or 3 occasions during the radiation of the family (Fig. 19) . A habitat shift is postulated for the ancestor of the Graphidiinae clade to account for the limited distribution of the Graphidiinae, Ostertagiinae, and Haemonchinae in the stomach and abomasum. Within the Cooperiinae clade, the common ancestor of the Libyostrongylinae + Trichostrongylinae may have become associated with the stomach/abomasum while maintaining the ancestral habitat. Alternatively, colonization of a new habitat could have occurred independently within the Trichostrongylinae and the Libyostrongylinae. Refinement of this hypothesis and resolution of the relationships of the Libyostrongylinae and Trichostrongylinae will be dependent upon generic-and species-level analyses within these subfamilies.
Host associations
The host range of the Trichostrongylidae is rather broad, including a number of avian and mammalian orders, but most genera and species are the predominant nematodes parasitizing ruminants and artiodactyls throughout the world (Durette- Desset and Chabaud, 1977, 1981; Durette-Desset, 1983 , 1985 . Based on the phylogenetic conclusions summarized by DuretteDesset (1985 DuretteDesset ( , 1992 , the most highly evolved subfamilies, Haemonchinae, Cooperiinae, and Ostertagiinae, are primarily parasites of the Bovidae and Cervidae. However, these subfamilies were not considered to be closely related (summarized in Fig. 16 ), each having been derived independently from a more primitive subfamily. Thus, parasites present in Bovidae and Cervidae were considered more closely related to those in ratites (Libyostrongylinae + Cooperiinae) or groups of ancient mammals (Graphidiinae + Ostertagiinae and Trichostrongylinae + Haemonchinae), and their current distributions could be explained by colonization rather than coevolution (Durette- Desset, 1985 Desset, , 1992 ). An extension of this hypothesis suggested that diversification of the Trichostrongylidae was apparently initiated in the Eocene, with those taxa that occur in modern ruminants having been derived via in- dependent colonization in the Miocene, coinciding with the origins and radiation of the Bovidae and Cervidae. Additionally, the predominant influence on the distribution, evolution, and radiation of the trichostrongylid fauna was considered to be ecological rather than phylogenetic. Thus, similarity in host diet, specifically herbivory, was recognized as the putative determinant of diversification (Durette-Desset, 1985 , 1992 . Jansen (1989) indicated that this scenario for the radiation of the Trichostrongyloidea and Trichostrongylidae did not appear well supported. The phylogenetic analysis presented in the current study provides a mechanism to assess the hypotheses for diversification presented by Durette-Desset (1985 , 1992 . It is clear that host associations are exceedingly complicated, as indicated by the distribution of host groups mapped onto the parasite phylogeny (Fig. 20) . This may be indicative that colonization at some level has strongly influenced diversification of this group of nematodes in agreement with concepts (but not specific hypotheses) outlined above. However, in this case the relative importance of host switching versus coevolutionary processes can only be determined in the context ofgeneric-level and species-level analyses of parasites and hosts.
Although this level of resolution is not possible with the current parasite phylogeny, certain generalities about host associations among ruminants are warranted.
The overall distribution of ruminant hosts for the trichostrongylids is compatible with a minimum of 2 events of independent colonization in the Cooperiinae and Graphidiinae clades (Fig.  20) . Within the former clade, no clear relationships among hosts and subfamilies are apparent, although the Cooperiinae and the Trichostrongylinae occur in ruminants. However, considering the Graphidiinae clade, coevolution of the Haemonchinae and the Ostertagiinae with bovid and cervid hosts appears to have been extensive. The dominance of these subfamilies among the Bovidae, Camelidae, Cervidae, and Antilocapridae indicates that the common ancestor of the Haemonchinae + Ostertagiinae was already a parasite of the pecoran artiodactyls (Fig. 20) . Coevolution can secondarily be inferred by refutation of the multiple origins hypothesis of the Ostertagiinae from the Graphidiinae (ofDuretteDesset and Chabaud, 1977 Chabaud, , 1981 Dr6zdz (1965 Dr6zdz ( , 1967 . Based on the present analysis, the hosts for the basal trichostrongylids as the common ancestor of the Cooperiinae + Graphidiinae clades remains to be determined.
Biogeography
The trichostrongylids are cosmopolitan in distribution, with contemporary ranges occurring across all major biogeographic regions except Antarctica (Fig. 21) . Overall these are complex biogeographic relationships that must eventually be considered within the context of paleogeography and paleocontinental reconstruction. Detailed studies within each subfamily are required to elucidate ancestral areas and address the relative importance of dispersal versus vicariance in the development of the fauna. Historically, these geographic ranges have been influenced directly by host biogeography and secondarily by climate, the latter probably as a determinant of the suitability of habitat for development of freeliving larval stages (Jansen, 1989; Suarez and Cabaret, 1991 Tables II-IV) . The discordance in topology and tree length between the current hypothesis and those presented by Durette-Desset (1985) and Lichtenfels (1987) resulted largely from conclusions about relationships in the latter studies that were based on assessments of single characters, overall morphological similarity, or unique combinations of shared primitive characters. The current hypothesis is strongly supported, requires a lower degree of parallel and convergent evolution, has diagnosable synapomorphies for all branches, and provides a more consistent explanation of character evolution and phylogeny at the subfamilial level. Previous hypotheses for the diversification of the Trichostrongylidae were found to be untenable based on phylogenetic and biogeographic criteria presented in the current study.
Work in progress will attempt to recognize additional morphological characters that define the trichostrongylids and those useful in studying the relationships within the family. The current analyses form the foundation for eventual genericand species-level evaluations of the Ostertagiinae and other subfamilies. In doing so, we hope to elucidate basic concepts in the evolution of the trichostrongyles and other parasitic nematodes and provide a predictive data base with which to evaluate historical biogeography and the interrelationships of coevolution and host switching in the origins and diversification of this economically significant fauna.
